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INTRODUCTION 46
interaction between K. pneumoniae and macrophages. We report that K. pneumoniae survives 98 within macrophages by deviating from the canonical endocytic pathway and residing in a unique 99 intracellular compartment which does not fuse with lysosomes. Mechanistically, our results indicate 100 that Klebsiella targets the PI3K-Akt-Rab14 axis to control the phagosome maturation. Finally, we 101 present evidence indicating that K. pneumoniae has the potential to kill and escape from the 102 phagocyte. 103 104 105
RESULTS 106
K. pneumoniae survives inside macrophages. 107
To explore whether K. pneumoniae resides inside macrophages in vivo, macrophages were 108 isolated from the bronchoalveolar lavage of mice infected intranasally with K. pneumonia strain 109 43816 (hereafter Kp43816R). Confocal microscopy experiments showed that 85 ± 4 % of the 110 intracellular bacteria did not colocalize with the lysosomal marker cathepsin D ( Fig 1A) . 111
Macrophages isolated obtained from the bronchoalveolar lavage were pulsed-chased with 112 tetramethylrhodamine-labelled dextran (TR-dextran) as described in the Experimental procedures. 113
Pulse-chase protocols with TR-dextran are extensively used in the literature to label lysosomes 114 (Morey et al. 2011 ,Eissenberg et al. 1988 ,Hmama et al. 2004 ,Lamothe et al. 2007 ). Confocal 115 microscopy revealed that 80 ± 3 % intracellular Klebsiella did not colocalize with TR-dextran ( Fig  116   1A) . 117
To assess the interaction of K. pneumoniae and macrophages in more detail, we standardized 118 the infection conditions of the mouse macrophage cell line MH-S with Kp43816R. We optimized 119 the time of bacteria-cell contact (30, 60 and 120 min), the multiplicity of infection (MOI) (100, 50 120 or 10 bacteria per cell), and the antibiotic treatment necessary to kill the remaining extracellular 121 bacteria after the contact. To synchronize infection, plates were centrifuged at 200 x g during 5 min 122 and intracellular bacteria were enumerated after macrophage lysis with 0.5% saponin in PBS. We 123 found that 90 min treatment with a combination of gentamicin (300 g/ml) and polymxyin B (15 124 g/ml) was necessary to kill 99.9% of the extracellular bacteria. The highest numbers of engulfed 125 bacteria were obtained after 120 min of bacteria-cell contact with a multiplicity of infection (MOI) 126 of 100:1. However, these conditions also triggered a significant decrease in cell viability as detected 127 by the trypan blue exclusion method. 30 min of contact and a MOI of 50:1 were the conditions in 128 which no decrease in cell viability was observed and, therefore, they were used in the subsequent 129 experiments described in this study. 130
To investigate the molecular mechanisms used by mouse macrophages to engulf Kp43816R, 131 infections were carried out in the presence of inhibitors of host cell functions ( Fig 1B) . Cytochalasin 132 D and nocodazol reduced the engulfment of Kp43816R hence indicating that Kp43816R 133 phagocytosis requires the assembly of F-actin and the host microtubule network. Methyl-β-134 cyclodextrin (MCD), which depletes cholesterol from host cell membranes, was employed to 135 analyse the involvement of lipid rafts in Kp43816R phagocytosis. Cholesterol depletion impaired 136
Klebsiella engulfment by MH-S. Similar results were obtained when cells were treated with filipin 137 and nystatin (Fig. 1B) . Since the generation of phosphoinositides is linked to phagosome formation 138 (Vieira et al. 2001) , we assessed the contribution of the PI3K signalling pathway on Kp43816R 139 phagocytosis. Pre-treatment of MH-S cells with LY294002, a specific inhibitor of PI3K activity, 140 resulted in the blockage of Kp43816R phagocytosis (Fig. 1B) . Immunofluorescence experiments 141 further confirmed that treatment of cells with LY294002 inhibited the engulfment of Klebsiella (Fig  142   S1 ). This was also true for UV-killed bacteria ( Fig S1) . Akt is a downstream effector of PI3K which 143 becomes phosphorylated upon activation of the PI3K signalling cascade. As expected, western blot 144 analysis revealed that Kp43816R induces the phosphorylation of Akt in a PI3K-dependent manner 145 since LY294002 inhibited Klebsiella-induced phosphorylation of Akt (Fig. 1C-D) . UV-killed 146 bacteria also induced the phosphorylation of Akt although the levels were significantly lower than 147 those induced by live bacteria (Fig 1C) . The PI3K-Akt cascade is also activated by Kp43816R in 148 human macophages (THP-1 monocytes differentiated to macrophages by phorbol-12-myristate-13-149 acetate [PMA] treatment; hereafter mTHP-1) ( Fig. S2) . 150
Bacterial intracellular location in MH-S cells was assessed 3 and 6 h post infection by 151 transmission electron microscopy (TEM). In good agreement with other published observations in 152 vivo (Cortes et al. 2002b ,Fevre et al. 2013 ,Willingham et al. 2009 ,Greco et al. 2012 , bacteria were 153 located in a vacuolar compartment (data not shown). To determine the fate of intracellular 154 Kp43816R, MH-S cells were infected with GFP-expressing Kp43816R and the number of 155 intracellular bacteria was assessed microscopically using differential (extracellular/intracellular) 156 staining and by plating after different incubation times. The number of intracellular bacteria in MH-157 S cells decreased during the first 2 h of infection but then it remained constant until 7.5 h post 158 infection (Fig 2A) . Immunofluorescence analysis revealed that the number of infected macrophages 159 decreased during the first 2 h hence suggesting that some cells are able to clear the infection. 160
However, after 2 h, the percentage of infected macrophages did not change until the end of the 161 experiment ( Fig 2B) . We did not observe any change of host cell morphology (data not shown). The 162 majority of infected macrophages contained less than three bacteria ( Fig 2C) . The fact that the 163 number of macrophages containing between three and five bacteria or more than five did not 164 change over time suggests that there is not significant bacteria replication. Similar results were 165 obtained when mTHP-1 cells were infected ( Fig S3) . 166
To elucidate whether those intracellular bacteria assessed by microscopy were indeed viable, 167 cells were infected with Klebsiella harbouring two plasmids, one conferring constitutive expression 168 of mCherry (pJT04mCherry) and another one (pMMB207gfp3.1) expressing gfp under the control 169 of an IPTG inducible promoter. Therefore, only metabolically active bacteria will be mCherry-GFP 170 positive. Microscopy analysis using differential (extracellular/intracellular) staining showed that 171 more than 75% of intracellular bacteria were mCherry-GFP positive 3.5 h post infection ( Fig 2D-E) . 172
This percentage did not change over time. To further confirm that intracellular Klebsiella are 173 metabolically active, fluorescent in situ hybridisation (FISH) was carried out by using the 174 oligonucleotide probes EUB338 and GAM42a (see Experimental procedures). The detection of 175 bacteria by these oligonucleotide probes is dependent on the presence of sufficient ribosomes per 176 cell, hence providing qualitative information on the physiological state of the bacteria (Christensen 177 et al. 1999 et al. ,Morey et al. 2011 . Microscopy analysis revealed that the number of bacteria 178 metabolically active (FISH positive) versus the total number of intracellular bacteria (GFP positive) 179 was maintained through the infection (Fig. S4 ). 180
Collectively, these results showed that Kp43816R phagocytosis by macrophages is an event 181 dependent on host cytoskeleton and cell plasma membrane lipid rafts. Moreover, the PI3K/Akt host 182 signalling pathway is activated by Kp43816R infection and it is required for bacterial phagocytosis. 183
Our data demonstrate that Kp43816R survives within macrophages through the course of infection 184 and the TEM experiments may suggest that Kp43816R may reside in a specific compartment that 185 we named the Klebsiella containing vacuole (KCV). 186
187

K. pneumoniae elicits a cytotoxic effect on macrophages. 188
Examination of the infected monolayers by immunofluorescence at different time points 189 revealed a decreased in the overall monolayer density at 10 h post infection which became more 190 evident 20 h post infection ( Fig S5A) . This observation prompted us to study whether Kp43816R 191 exerts a cytotoxic effect on macrophages. We assessed the viability of infected MH-S cells by 192 measuring the levels of LDH release. Kp43816R infection was associated with a 35% decrease in 193 cell viability after 20 h of infection. Kp43816R-triggered cytotoxic effect on macrophages was also 194 evident when cell viability was estimated by the neutral red uptake assay ( Fig S5B) . 195
The induction of host cell apoptosis is one mechanism used by some pathogens to augment 196 infection (Navarre and Zychlinsky. 2000) . To test whether Kp43816R causes apoptosis of MH-S 197 cells, apoptosis was measured with annexin V, to analyze phosphatidylserine translocation to the 198 outer leaflet of the plasma membrane, and 7-actinomycin D (AAD) to evaluate plasma membrane 199 integrity. Flow cytometry analysis of infected cells showed a significant increased in annexin 200 V + AAD − cells over time (Fig. 3 ). The amount of double-positive annexinV + AAD + cells, which 201 corresponds to a necrotic-like phenotype, was markedly lower than the amount of cells annexin 202 V + AAD − at all times analyzed. These results indicate phosphatidylserine translocation and intact 203 membrane integrity, a classical apoptotic phenotype, hence suggesting that Kp43816R triggers 204 apoptosis in macrophages. 205 206 K. pneumoniae prevents phagosome fusion with lysosomes. 207 Because Kp43816R is able to survive within macrophages, we hypothesized that Klebsiella 208 must either divert the normal process of phagosome maturation or withstand the hostile 209 environment of the mature phagolysosome. Therefore, we analyzed the maturation of the KCV 210 during the course of an infection by unravelling the association of the KCV with compartments of 211 the exocytic and endocytic pathways. Bacteria did not colocalize with either markers of the 212 endoplasmic reticulum (calnexin) or markers of the Golgi network (GM 130) at any time point 213 analyzed ( Fig S6) . EEA1 is an early endosome-specific peripheral membrane protein which 214 colocalizes with the small GTP binding protein Rab5 (Vieira et al. 2002 ,Flannagan et al. 2012 ). As 215 shown in Figure 4 , we could detect the presence of EEA1 on 22 ± 4% of KCVs at 15 min post 216 infection. The percentage of vacuoles positive for this marker dropped to 15 ± 9% and to 5 ± 1% at 217 60 and 90 min post infection, respectively (Fig 4) . We next sought to determine whether the KCV 218 acquires the late endosomal markers Lamp1 and Rab7 (Vieira et al. 2002 ,Flannagan et al. 2012 . 219
KCVs were positive for Lamp1 already at 15 min post infection and the percentage of positive 220 KCVs increased over time (Fig 4) . KCVs remained positive for Lamp1 until 7.5 h post infection. 221
Rab7 is a small GTPase that controls vesicular transport to late endosomes and lysosomes in the 222 endocytic pathway (Rink et al. 2005) . To assess the presence of Rab7 on KCVs, macrophages were 223 transfected with GFP-Rab7 and then infected with Kp43816R. The majority of the vacuoles 224 containing Kp43816R were positive for both Rab7 and Lamp1 (Fig 4) . To determine the activation 225 status of Rab7 we asked whether RILP, a Rab7 effector protein that exclusively recognizes the acidic organelles in infected macrophages. We found a major overlap between the dye and the 239 KCVs ( Fig 5) , hence indicating that the KCV is acidic. We next examined the presence in the 240 vacuole of cathepsin D as a marker for the lysosomal soluble content. The majority of the KCVs did 241 not colocalize with cathepsin D (Fig 5) , thereby suggesting that the KCV does not fuse with 242 lysosomes. To further sustain this notion, we assessed KCV colocalization with TR-dextran. Prior 243 to bacterial infection macrophages were pulsed with TR-dextran for 2 h followed by a 1 h chase in 244 dye-free medium to ensure that the probe is delivered from early and recycling endosomes to 245 phagolysosomes (Morey et al. 2011 ,Eissenberg et al. 1988 ,Hmama et al. 2004 ,Lamothe et al. 246 2007 . Confocal immunofluorescence showed that the majority of the KCVs did not colocalize with 247 TR-dextran ( Fig 5B) . In contrast, when macrophages were infected with UV-killed Kp43816R more 248 than 70% of the KCVs did colocalize with cathepsin D and TR-dextran 1.5 h post infection ( Fig  249   S7 ). Collectively, these results strongly support the notion that the majority of KCVs containing 250 live bacteria prevent the fusion of the vacuole with lysosomes. 251 Similar findings were obtained when mTHP-1 cells were infected. KCV was not associated 252 with compartments of the exocytic pathway, either Golgi network or endoplasmic reticulum, but 253 acquired markers of the endocytic pathway, EEA1 and Lamp1 ( Fig S8A) . The majority of KCVs 254 colocalized with LysoTracker ( Fig S8A) but they were negative for cathepsin D ( Fig S8B) . In 255 contrast, nearly 70% of UV-killed Kp43816R colocalized with cathepsin D after 2 h post infection 256 ( Fig S8B) . Altogether, these results indicate that only phagosomes containing UV-killed Klebsiella 257 bacteria fuse with lysosomes in human macrophages. 258
In summary, these findings suggest that K. pneumoniae trafficks inside macrophages within 259 vacuoles associated to the endocytic pathway, and that live bacteria perturb the fusion of the KCV 260 with the hydrolases-rich lysosomal compartment. 261 262
Inhibition of compartment acidification affects K. pneumoniae intracellular survival. 263
Phagosome acidification has been shown to be essential for the intracellular survival of 264 several pathogens (Morey et al. 2011 ,Ghigo et al. 2002 ,Porte et al. 1999 ). Therefore, we 265 investigated the effect of inhibiting KCV acidification on K. pneumoniae survival. Bafilomycin A 1 266 is a specific inhibitor of the vacuolar type H+-ATPase in cells, and inhibits the acidification of 267 organelles containing this enzyme, such as lysosomes and endosomes. As expected, 268 phagolysosomal acidification was sensitive to bafilomycin A 1 treatment ( Fig 6A) , hence confirming 269 dependence on the vacuolar H + -ATPase. Moreover, bafilomycin A 1 treatment also abrogated the 270 overlap between Kp43816R and the probe LysoTracker ( Fig 6A) . To assess the effect of vacuolar 271 acidification on Kp43816R survival, cells were treated with bafilomycin A 1 at the onset of the 272 gentamicin treatment and bacteria were enumerated by plating at different time points. Data shown 273
in Figure 6C with the PI3K inhibitor LY294002 or the Akt inhibitor AKT X at the onset of the gentamicin 293 treatment reduced the number of intracellular bacteria in MH-S cells ( Fig 7A) . Moreover, 294 microscopy analysis revealed that more than 70% bacteria colocalized with either TR-dextran or 295 cathepsin D in cells treated with AKT X (Fig 7B and Fig S9) . Collectively, these results support the 296 notion that Kp43816R targets the PI3K-Akt axis to survive intracellularly. 297
At least 18 Rab GTPases are implicated in phagosomal maturation (Smith et al. 2007) . 298
Interestingly, Salmonella targets Rab14 to prevent phagosomal maturation in an Akt dependent 299 manner (Kuijl et al. 2007) . We speculated that Kp43816R may also target Rab14 to control the 300 maturation of the phagosome. Immunofluorescence experiments revealed that GFP-Rab14 301 colocalized with the KCVs (Fig 7C-D) . To determine whether Rab14recruitment is required for 302 intracellular survival, cells were transfected with a Rab14 dominant-negative construct (DN-Rab14) 303 or control vector and then infected with Kp43816R. As shown in figure 7E, we found a 60% 304 decrease in the number of intracellular bacteria in cells transfected with DN-Rab14. Supporting that 305
Klebsiella recruited Rab14 to the KVC in an Akt-dependent manner, GFP-Rab14 did not colocalize 306 with the KCV in AKT X treated cells (7 ± 2 % percentage of colocalization at 2.5 h post infection) 307 ( Fig 7F) . 308
In summary, our results are consistent with a model where Kp43816R targets the PI3K-Akt-309
Rab14 axis to control the phagosome maturation to survive inside macrophages. 310 311 K. pneumoniae capsule polysaccharide is dispensable for intracellular survival. 312
We were keen to identify K. pneumoniae factors necessary for intracellular survival. Given 313 the importance of K. pneumoniae CPS on host-pathogen interactions, we explored whether CPS is 314 also necessary for K. pneumoniae intracellular survival. As anticipated, a CPS mutant was engulfed 315 by MH-S and mTHP1 macrophages in higher numbers than Kp43816R (data not shown). For the 316 sake of comparison with the wild-type strain in time-course experiments, we adjusted the MOI of 317 the CPS mutant to get comparable numbers of intracellular bacteria at the beginning of the 318 infection. Time course experiments showed no differences between the number of intracellular 319 bacteria of both strains in MH-S and mTHP1 cells ( Fig 8A) . CPS mutant resulted in an increase in the number of ingested bacteria by mTHP1 cells compared to 325 nonopsonized bacteria ( Fig 8B) . Fort he sake of comparison, the MOI was adjusted to get 326 comparable numbers of intracellular bacteria at the beginning of the infection. The number of CFU 327 recovered from cells infected with the opsonized CPS mutant was significantly lower than the 328 number of CFU recovered from cells infected with non-opsonized bacteria (100 fold lower at 8 h 329 post infection; Fig 8C) . These data indicate that internalization via the C3 receptor results in a 330 significant loss of intracellular viability, presumably because these bacteria are ultimately delivered 331 to lysosomes. 332
The lack of contribution of CPS to intracellular survival prompted us to analyze the 333 expression of cps in the KCV. To monitor cps expression over time, we generated a transcriptional 334 fusion in which the cps promoter region was cloned upstream a promoterless gfp that encodes a 335 protein tagged at the C terminus with the (LVA) peptide. The GFP(LVA) protein is targeted for Tsp 336 protease degradation within the bacteria and has been reported to have 40-min half-life, while 337 untagged GFP is very stable (estimated in vivo half-life, 24 h) (Miller et al. 2000) . We assessed 338 GFP fluorescence in Kp43816R containing the unstable GFP reporter grown in LB. Klebsiella was 339 stained using rabbit anti-Klebsiella serum followed by Rhodamine-conjugated donkey anti-rabbit 340 secondary antibody. FACS analysis revealed an overlap between GFP fluorescence (green 341 histogram) and Rhodamine fluorescence (red histogram) in bacteria grown in LB ( Figure 8D shows that GFP fluorescence decreased over time in the 348 intracellular bacteria reaching the levels of the control strain carrying the empty vector (grey 349 histogram), which is considered negative for GFP fluorescence. 350
To explore whether the acidic pH of the KCV might be responsible for the downregulation 351 of cps expression, bacteria were grown in M9 mininal medium, with 8 µM magnesium sulfate, 352 buffered to different pHs. The expression of the cps::gfp fusion was 5-fold lower when bacteria 353 were grown at pH 5.5 than at pH 7.5 ( Fig 8E) . Similar results were obtained when the mRNA levels 354 of wzi, orf7 and gnd, three genes of the cps operon (Arakawa et al. 1995) , were assessed by real 355 time quantitative PCR (RT-qPCR) ( Fig 8F) . 356
Collectively, these findings show that K. pneumoniae CPS is dispensable for intracellular 357 survival. In fact, the environment found by Klebsiella within the KCV triggers the downregulation 358 of the expression of cps. The fact that opsonization affects the intracellular survival of the CPS 359 mutant indicates that the mechanism of bacteria entry into macrophages has a major impact in the 360 ability of K. pneumoniae to survive intracellularly. 361
362
DISCUSSION 363
In this work, we present compelling evidence demonstrating that K. pneumoniae survives 364 killing by macrophages by manipulating phagosome maturation. Our data sustain that K. been shown to be true for virulence gene transcription in S. typhimurium (Yu et al. 2010) . In this 420 context, our data revealed that Klebsiella downregulates the expression of cps when residing within 421 the KCV. Interestingly, when Klebsiella was cultured in low magnesium and acidic pH we also 422 found a downregulation of cps expression. It is tempting to speculate that these signals could trigger 423 cps downregulation within the KCV. In fact, we show here that the KCV is acidic and there are 424 reports suggesting that the magnesium concentration in pathogen-containing vacuoles is in the 425 micromolar range (Garcia-del Portillo et al. 1992) . Future efforts will be devoted to characterize the 426 chemical composition of the KCV as well as the transcriptional landscape of intracellular K. 427
pneumoniae. 428
It was interesting to consider the mechanism(s) whereby K. pneumoniae prevents the fusion 429 of the lysosomes to the KCV. The overall resemblance between the KCV and the Salmonella 430 containing vacuole (acidic Lamp-1-positive cathepsin-negative vacuole) prompted us to explore 431 whether K. pneumoniae employs similar strategies as Salmonella to subvert phagosome maturation. promoter and the sacB gene that is necessary to cure the plasmid. A recombinant in which the wild-519 type allele was replaced by man::Km was verified by PCR and named 43manCKm. The mutant 520 was resistant to the CPS-specific phage 2. 521
Eukaryotic cells culture. 522
Murine alveolar macrophages MH-S (ATCC, CRL-2019) and human monocytes THP-1 523 (ATCC, TIB-202) were grown in RPMI 1640 tissue culture medium supplemented with 10% heat-524 inactivated fetal calf serum (FCS) and 10 mM Hepes at 37ºC in an humidified 5% CO 2 atmosphere. 525 THP-1 cells were differentiated to macrophages by PMA-treatment (10 ng/ml for 12 h). 526
Infection of macrophages. 527
Macrophages were seeded in 24-well tissue culture plates at a density of 7 x 10 5 cells per 528 well 15 h before the experiment. Bacteria were grown in 5-ml LB, harvested in the exponential 529 phase (2500 x g, 20 min, 24ºC), washed once with PBS and a suspension containing approximately 530 1x10 9 cfu/ml was prepared in 10 mM PBS (pH 6.5). Cells were infected with 35 μl of this 531 suspension to get a multiplicity of infection of 50:1 in a final volume of 500 l RPMI 1640 tissue 532 culture medium supplemented with 10% heat-inactivated FCS and 10 mM Hepes. To synchronize 533 infection, plates were centrifuged at 200 x g during 5 min. Plates were incubated at 37ºC in a 534 humidified 5% CO 2 atmosphere. After 30 min of contact, cells were washed twice with PBS and 535 incubated for additional 90 min with 500 l RPMI 1640 containing 10% FCS, 10 mM Hepes, 536 gentamicin (300 μg/ml) and polymyxin B (15 g/ml) to eliminate extracellular bacteria. This 537 treatment did not induce any cytotoxic effect which was verified measuring the release of lactate 538 dehydrogenase (LDH) and by immunofluorescence microscopy (data not shown). For time course 539 experiments, after the 90 min treatment period, cells were washed three times with PBS and 540 incubated with 500 l RPMI 1640 containing 10% FCS, 10 mM Hepes, gentamicin (100 μg/ml). 541
To determine intracellular bacterial load, cells were washed three times with PBS and lysed 542 with 300 l of 0.5% saponin in PBS for 10 min at room temperature. Serial dilutions were plated on 543 LB to quantify the number of intracellular bacteria. Intracellular bacterial load is represented as cfu 544 per well. All experiments were done with triplicate samples on at least three independent occasions. 545
When indicated, cells were pre-incubated for 1 h with nocodazole (50 g/ml), filipin (5 546 g/ml), nystatin (25 g/ml), LY294002 hydrochloride (75μM), or for 30 min with cytochalasin D 547 (5 μg/ml) before carrying out infections as described above. Cells were also pre-incubated for 1 h 548 with 1 mM methyl-β-cyclodextrin (MβCD), washed twice with PBS to remove cholesterol and 549 infected. In other experiments, LY294002 hydrochloride (75μM), AKT X (10 μM), or 100 nM 550 bafilomycin A 1 were added to the cells during the gentamicin treatment and kept until the end of 551 experiment. Exposure to these drugs had no effect on cell and bacterial viability under the 552 conditions tested. All drugs were purchased from Sigma. 553
Immunofluorescence and transmission electron microscopy. 554
Cells were seeded on 12 mm circular coverslips in 24-well tissue culture plates. Infections 555 were carried out as described before with K. pneumoniae strains harbouring pFPV25.1Cm (March 556 et al. 2013) . Control experiments showed that there were no differences in the number of 557 intracellular bacteria recovered over time from cells infected with bacteria containing pFPV25.1Cm 558 or no plasmid (data not shown). When indicated, cells were washed three times with PBS and fixed 559 with 3% paraformaldehyde (PFA) in PBS pH 7.4 for 15 min at room temperature. For EEA1 560 staining, cells were fixed with 2.5% PFA for 10 min at room temperature followed by 5% PFA + 561 methanol (1:4 v/v) at -20°C for 5 min. Methanol fixation (3% PFA for 20 min at room temperature 562 followed by 1 min cold methanol) was used for cathepsin D whereas periodate-lysine- Probes) was used to label lysosomes in a pulse-chase assay. Briefly, macrophages seeded on glass 579 coverslips were labelled by pulsing with 250 g/ml of TR-dextran for 2 h at 37ºC in 5% CO 2 in 580 RPMI 1640 medium. To allow TR-dextran to accumulate in lysosomes, medium was removed; cells 581 were washed three times with PBS, and incubated for 1 h in dye-free medium (chase). After the 582 chase period, cells were infected. 583
LysoTracker Red DND-99 (Invitrogen) was used to label acidic organelles following the 584 instructions of the manufacturer. 0.5 M Lysotracker RedDN99 was added to the tissue culture 585 medium 30 min before fixing the cells. The residual fluid marker was removed by washing the cells 586 three times with PBS, followed by fixation. 587
Staining was carried out in 10% horse serum, 0.1% saponin in PBS. Coverslips were washed 588 twice in PBS containing 0.1% saponin, once in PBS, and incubated for 30 minutes with primary 589 antibodies. Coverslips were then washed twice in 0.1% saponin in PBS and once in PBS and 590 incubated for 30 minutes with secondary antibodies. Finally, coverslips were washed twice in 0.1% 591 saponin in PBS, once in PBS and once in H 2 O, mounted on Aqua Poly/Mount (Polysciences). 592
Immunofluorescence was analysed with a Leica CTR6000 fluorescence microscope. Images were 593 taken with a Leica DFC350FX monochrome camera. Confocal microscopy was carried out with a 594
Leica TCS SP5 confocal microscope. Depending of the marker, a KCV was considered positive 595 when it fulfilled these criteria: (i) the marker was detected throughout the area occupied by the 596 bacterium; (ii) the marker was detected around/enclosing the bacterium, (iii) the marker was 597 concentrated in this area, compared to the immediate surroundings. To determine the percentage of 598 bacteria that colocalized with each marker, all bacteria located inside a minimum of 100 infected 599 cells were analysed in each experiment. Experiments were carried out by triplicate in three 600 independent occasions. 601
For extra-/intracellular bacteria differential staining, PFA fixed cells were incubated with 602 PBS containing 10% horse serum, Hoechst 33342 and rabbit anti-Klebsiella for 20 min. Coverslips 603 were washed three times with PBS and stained as described above with donkey anti-rabbit 604 conjugated to Rhodamine secondary antibody. Coverslips were washed three times in PBS and once 605 in distilled water before mounting onto glass slides using Prolong Gold antifade mounting gel 606 (Invitrogen). 607
For transmission electron microscopy (TEM), cells were seeded in 24-well tissue culture 608 plates. Infections were carried out as described before, fixed with glutaraldehyde and processed for 609 TEM as described previously (Kruskal et al. 1992) . 610
Assessment of intracellular bacteria viability 611 (i) Fluorescent in situ hybridisation 612
We carried out hybridization of PFA fixed infected cells with fluorescently labelled 613 oligonucleotides as described before (Morey et al. 2011 ). Alexa488 conjugated DNA probes 614 EUB338 (5'-GCTGCCTCCCGTAGGAGT-3') and GAM42a (5'-GCCTTCCCACATCGTTT-3') 615
were designed for specific labelling of rRNA of eubacteria and gamma subclass of Proteobacteria, 616 respectively (Manz et al. 1993) . A DNA probe non-EUB338, complementary to EUB338 was used 617 as a negative control. The detectability of bacteria by such oligonucleotide probes is dependent on 618 the presence of sufficient ribosomes per cell, hence providing qualitative information on the 619 physiological state of the bacteria on the basis of the number of ribosomes per cell. These probes 620
were used together to obtain a stronger signal, added to a final concentration of 5 nM each in the 621 hybridation buffer. The hybridization buffer contained 0.9M NaCl, 20mM Tris-HCl (pH 7.4), 622 0.01% sodium dodecyl sulfate (SDS) and 35% formamide. Coverslips were first washed with 623 deionized water. Hybridization was carried out for 1.5 h at 46ºC in a humid chamber; followed by a 624 30 min wash at 48ºC. Washing buffer contained 80 mM NaCl, 20 mM Tris-HCl (pH 7.4), 0.01% 625 sodium dodecyl sulfate (SDS) and 5 mM EDTA (pH 8). After washing, DNA staining for total 626 bacteria was carried out by incubating the coverslips in PBS containing Hoechst 33342 for 20 min. 627
Coverslips were then washed three times in PBS and once in distilled water before mounting onto 628 glass slides using Prolong Gold antifade mounting gel. 629 Klebsiella was mCherry positive and only GFP positive if IPTG was added (1 mM, 1.5 h) to the 635 medium. Cells were infected with Kp43816R harbouring both plasmids and IPTG was added to the 636 medium 1.5 h before fixing the cells with PFA. To stain extracellular bacteria, PFA fixed cells were 637 incubated with PBS containing 10% horse serum, and rabbit anti-Klebsiella for 20 min. Coverslips 638 were washed three times with PBS and stained as described above with goat anti-rabbit antibodies 639 conjugated to Cascade Blue (C2764, Life Technologies). Immunofluorescence was analysed with a 640 Leica CTR6000 fluorescence microscope. Images were taken with a Leica DFC350FX 641 monochrome camera. 642
Isolation of in vivo infected macrophages 643
Mice were treated in accordance with the Directive of the European Parliament and of the 644 Council on the protection of animals used for scientific purposes (Directive 2010/63/EU) and in 645 agreement with the UK Home Office (licence PLZ 2700) and the Bioethical Committee of the 646 University of the Balearic Islands (authorisation number 1748). 647
Infections were performed as previously described (Insua et al. 2013) . Briefly, five-to 648 seven-week-old male C57BL/6 mice (Harlan) were anesthetized by intraperitoneal injection with a 649 mixture containing ketamine (50 mg/kg) and xylazine (5 mg/kg). Overnight bacterial cultures were 650 centrifuged (2500 x g, 20 min, 22ºC), resuspended in PBS and adjusted to 5 x 10 4 CFU/ml for 651 determination of bacterial loads. 20 μl of the bacterial suspension were inoculated intranasally in 652 four 5 μl aliquots. To facilitate consistent inoculations, mice were held vertically during inoculation 653 and placed on a 45° incline while recovering from anaesthesia. 24 h post infection, mice were 654 euthanized by cervical dislocation and bronchoalveolar lavage was performed as previously 655 described (Cai et al. 2012) . The lavage fluid from four mice was pooled together and spun at 300 x 656 g for 10 min to pellet alveolar macrophages. Cells were cultured on 12 mm circular coverslips in 657 24-well tissue culture plates at a concentration of 0.5 x 10 6 cells/well in 1 ml RPMI 1640 tissue 658 culture medium supplemented with 10% heat-inactivated FCS and 10 mM Hepes and gentamicin 659 (100 μg/ml). After 2 h of incubation, nonadherent cells were washed off with PBS, and cells were 660 fixed. Cathepsin D staining was performed as previously described. To label lysosomes using TR-661 dextran, after washing off the nonadherent cells, the attached macrophages were pulsed with TR-662 dextran (250 g/ml) for 2 h in RPMI 1640 medium containing gentamicin (100 μg/ml). Cells were 663 washed three times with PBS, and incubated for 1 h in dye-free medium (chase). After the chase 664 period, cells were fixed. Immunofluorescence was analysed with a Leica TCS SP5 confocal 665 microscope. 666
Neutral red uptake assay for the estimation of cell viability. 667
Cell viability was determined by assessing the ability of viable cells to incorporate and bind 668 the supravital dye neutral red in the lysosomes. The protocol described by Repetto and coworkers 669 (Repetto et al. 2008 ) was followed with minor modifications. Macrophages were seeded on 96-well 670 tissue culture plates at 5 x 10 5 cells/well 18 h before the experiment. Cells were infected to get a 671 multiplicity of infection of 50:1 in a final volume of 200 l RPMI 1640 tissue culture medium 672 supplemented with 10% heat-inactivated FCS and 10 mM Hepes. To synchronize infection, plates 673 were centrifuged at 200 x g during 5 min. Plates were incubated at 37ºC in a humidified 5% CO 2 674 atmosphere. After 90 min of contact, cells were washed twice with PBS and incubated overnight 675 with 200 l RPMI 1640 containing 10% FCS, 10 mM Hepes, gentamicin (100 μg/ml). Cells were 676 washed twice with PBS and incubated with 100 l of freshly prepared neutral red medium (final 677 concentration 40 g/ml neutral red [Sigma] in tissue culture medium) for 2 h. Wells were washed 678 once with PBS and the remaining biomass-adsorbed neutral red was solubilized with 150 l neutral 679 red destaining solution (50% ethanol 96%; 49% deionised water, 1% glacial acetic acid). Staining 680 was then quantified by determining the OD 540 in a 96-well microplate reader, and used to compare 681 relative neutral red staining of uninfected cells and cells that were lysed completely with 1% Triton 682 X-100. Experiments were carried out by triplicate in six independent occasions. 683
Detection of Akt phosphorylation by Western blotting 684
Macrophages were seeded on 6-well tissue culture plates at 10 6 cells/well. Cells were 685 infected with Kp43816R , washed 3 times with cold PBS, scraped and lysed with 100 l lysis buffer 686 (1x SDS Sample Buffer, 62.5 mM Tris-HCl pH 6.8, 2% w/v SDS, 10% glycerol, 50 mM DTT, 687 0.01% w/v bromophenol blue) on ice. Samples were sonicated, boiled at 100ºC for 10 min and 688 cooled on ice before polyacrylamide gel electrophoresis and Western Blotting. Akt phosphorylation 689 was detected with primary rabbit anti-phospho Ser473 Akt (Cell Signaling Technology) antibody 690 diluted 1:1,000 and secondary goat anti-rabbit antibody conjugated to horseradish peroxidase 691 (Thermo Scientific) diluted 1:10,000. Tubulin was detected with primary mouse anti-tubulin 692 antibody (Sigma) diluted 1:3,000 and secondary goat anti-mouse antibody (Pierce) conjugated to 693 horseradish peroxidase diluted 1:1,000. To detect tubulin, membranes were reprobed after stripping 694 of previously used antibodies using Western Blot Stripping Buffer (Thermo Scientific). Images 695 were recorded with a GeneGnome HR imaging system (Syngene). 696
Apoptosis analysis in vitro. 697
Apoptosis of macrophages was analysed as previously described (Aguilo et al. 2013) . Events 10 0 10 1 10 2 10 3 10 4 10 0 10 1 10 2 10 3 10 4 10 0 10 1 10 2 10 3 10 4 10 0 10 1 10 2 10 3 10 4 10 0 10 1 10 2 10 3 10 4 
